The high level waste (HLW) from spent fuel reprocessing is to be buried in a deep geological formation to completely isolate from the biosphere for a long time after immobilized in a stable solid form. Some glasses(1)(2) may be acceptable as first-generation waste forms, but it is not certainly the only solid form from a geochemical standpoint, mainly because of its low stability under hydrothermal conditions. With the possible exception of concerns for radiation and nuclear transmutation effects on the adaptability of the hosts' oxygen-coordination sites, assemblages of synthetic minerals appear to be much close to objective, especially for rare earths and actinides (3) . The physical stability and insolubility of these synthetic minerals in water probably permit less dependence on the ability of geologic formation to retard the migration of hazardous nuclides.
However, owing to their high selectivities on incorporation of cations into the lattice points, partitioning of major elements of the HLW into some groups is required before accommodating them into a certain form of minerals. For this purpose solvent extraction and ion exchange methods have been attempted(4)(5), although a significant radiation damage of organic materials employed should have been overcome.
In order to keep the secondary waste generation from the partitioning process to a minimum, precipitation method was also applied (6) . In such a case, however, it is important to make easier the removal and the recovery of precipitates from solutions. Magnetic filters have been used for many years to readily remove ferro-magnetic particles from those suspensions.
The ferritization process, for example, is well known as the method to remove heavy metal ions from industrial waste solutions (7)(8), based on the inclusion of these ions into ferrites as formed in aerating at about 65-C the waste solution alkalinized sufficiently with sodium hydroxide following the addition of ferrous sulfate.
A series of experiments on the Pu removal from waste solutions has found that Pu concentration of waste solution can be readily lowered by ferrite treatment from 10-4 to 10-8 g/l or lower (9) . But it seems difficult to directly apply the above method to cases where the recovery of cations from solution is required, since the re-dissolution of the associated ferrite is inevitable for collecting the cations involved in ferrite particles. This implies that the used ferrite itself turns into a waste.
It is clearly desirable to use the ferrite repeatedly as many as possible. The preliminary experiments revealed that the iron ferrite particles, prepared by the wet method(10) (called the wet ferrite), are chemically stable in 0.1 M nitric acid, and can be trapped, accompanying many hydroxide flocs, on a filter matrix of stainless steel balls in an electromagnetic field of about 0.25 T from solutions flowing down at a rate of about 0.5 cm/s. This means that ferrite makes it possible to remove para-and dia-magnetic particles from solutions under a moderate magnetic field instead of an intense field (>1 tesla). The experiments also showed that cation adsorption on ferrite particles was found negligible practically in lower pH region than 9. Keeping the magnetic field, the trapped flocs on filter matrix were easily recovered by dissolving with 0.1 M nitric acid, leaving ferrite particles behind in the ball packed filter column. The ferrite particles were also recovered almost completely from the column by passing a dilute nitric acid solution through it after switching off the field. On the other hand, a commercially (12), respectively.
Removing the precipitates centrifugally, the solution was diluted 10 times with 0.1 M nitric acid to prepare the sample solution. The composition of sample solution is arranged in Table 1 Each rinsing solution was allowed to come into the column from its bottom, as shown in Fig. 1 . The filtrates discharged from the column at a rate of about 0.08 cm/s were analyzed for cations by the aid of ICP and atomic absorption spectroscopy. The ferrite particles were also easily recovered by wash from the column for reuse by switching off the magnetic field.
III . RESULTS AND DISCUSSION solutions, respectively, indicating that the hydroxide precipitation reaction occurs roughly at two different pHs. From Fig. 2 , it was found reasonable to prefer ammonium hydroxide as a hydroxide precipitant rather than sodium hydroxide, because of larger difference in pH between the 1st and the 2nd hydroxide precipitation in the former than in the latter, in addition to avoiding the generation of secondary waste.
To determine the preferable pH for separating the 1st hydroxide group from the second, the ion precipitation tests from the sample solution with ammonium hydroxide in the presence of the wet ferrite were carried out. The results obtained by analyzing the supernatant of the solution at each pH are summarized in Table 2 , which indicates that the 1st hydroxides in Fig. 2 
Ion Precipitation in Presence of Wet Ferrite
Except for some oxides of rare earth and iron ions, most of the ions listed in Table 1 cannot produce inorganic compounds having ferro-magnetic susceptibilities (13 Based on the observations shown in Fig. 2 and Table 2 , a process to form hydroxides at different pHs (Fig. 3) The obtained results are listed in Table 3 , which shows that (1) a few per cent of Sr and Cs are entrained into the hydroxides, and (2) the entrainment is lower at lower pH. Therefore, to improve the separability of these ions the process of Fig. 3 was reformed to that shown in Fig. 4 , which consists of four steps to partition the simulant ions into four groups. Among these
Step-1 to -3 are all the hydroxide formation with ammonium hydroxide but at different pH, whereas Step-4 is the carbonate formation with ammonium carbonate.
In Fig. 4 , it seemed the point to permit the pH in Step-2 never to exceed 9, because of reducing the complexation of Sr(OH)2 with an additional hydroxide ion strongly adsorbed onto the ferrite surface at pH 10(15). Consequently, the sample solution was treated at first with ammonium hydroxide at pH 10.5 to separate most of alkali and alkaline earth ions and to reduce the mingling of Ni and Pd ions into precipitates owing to the formation of their soluble ammine-complexes (
Step-1). The precipitate of Step-1 was dissolved with 0.1 M nitric acid and then treated again with ammonium hydroxide at pH 8.5 to avoid the contamination of precipitate with Sr and Ba (Step-2). The filtrate of Step-2 was necessarily mixed with that of Step-1 before applying
Step-4 to recover ions entrained into the precipitate of Step-1. As described above, each step is commonly composed of the formation of precipitates and their redissolution with 0.1 M nitric acid after washing with a dilute nitric acid or an ammoniacal solution. Table 4 . From Table 4 Table 3 Percent entrained of Sr and Cs into G-I and -II of process in Fig. 3 acid at
Step-1 through -3 ( (Table 2) , low recoveries of Cr and Ru were found in G-I. The scheme in Fig. 4 was also applied to the solution containing only seven ions including Cr(III) and Ru(III). Approximately 72% of Cr and 68% of Ru were recovered, still far from satisfactory in spite of observing an increase in Cr recovery.
Further work is In
Step-4 ammonium carbonate dissolved in 6 M ammonium hydroxide was added in excess of about 100 times the equivalent concentration of alkaline earth ions, followed by a 10 min heating at about 60dc. About 10% of Sr and Ba are found in Group-IV. The reason is not clear at present, but probably because of the difficulty in trapping by the column due to their poor adhesion of crystalline particulates of carbonates to the ferrite.
The participation of a certain kind of flocculant might be required to complete separation of such carbonates.
The amount of ferrite employed in the range of 0.2 to 1.0 g per 50 ml of sample solution gave no significant effect on ion recoveries under conditions examined here as well as the ripening temperature around 60dc except for the case of carbonate formation. The partitioning of ions in the simulated HLLW into four groups was demonstrated as feasible in principle, by successive application of precipitation/re-dissolution of hydroxides by adjusting of pH with ammonium hydroxide and then dilute nitric acid, and eventual precipitation of carbonates with addition of concentrated ammonium carbonate, applying a magnetic filtration combined with the wet ferrite as a ferro-magnetic matrix.
Crosscontaminations were observed, but some of them were removable by further washing or re-precipitation.
The wet ferrite worked well on almost complete recovery of the most cations from the sample solution. 
